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$EVWUDFW7KLVVWXG\SUHVHQWV WKHPHWKRGRORJ\H[SHULHQFHDQGSUDFWLFDORXWFRPHVRI WKH ULVNDVVHVVPHQWEDVHGUHYLVLRQRI
ORVVRIPDLQV/20SURWHFWLRQVHWWLQJVLQWKH1,(1HWZRUNV
GLVWULEXWLRQV\VWHP$QLQYHVWLJDWLYHSURMHFWKDVEHHQXQGHUWDNHQ
E\ WKH DXWKRUV WR UHYLVH WKH FXUUHQW /20 SUDFWLFH DV UHFRPPHQGHG E\ WKH *1, UHJXODWLRQ DQG WR SURSRVH WKH VHWWLQJV
ZKLFKZRXOGPHHWWKHDOO,UHODQGWUDQVPLVVLRQV\VWHPVWDELOLW\FULWHULD,WLVDOVRLPSRUWDQWWRHQVXUHWKDWDQ\LQFUHDVHGSHUVRQDO
ULVN LV UHDOLVWLFDOO\TXDQWLILHGDQGVDWLVILHV WKHKHDOWKDQGVDIHW\ UHTXLUHPHQWV%RWKDVSHFWV LH/20SURWHFWLRQVWDELOLW\DQG




GHEDWH LQ UHFHQW \HDUV :KHQ LW ZDV RULJLQDOO\ LQWURGXFHG /20
ZDV GHVLJQHG WR UHOLDEO\ GHWHFW DQG SURPSWO\ GLVFRQQHFW DQ\
GLVWULEXWHGJHQHUDWLRQ'* LQ WKH LVODQGHGSDUWRI WKHQHWZRUN WR
SUHYHQWKXPDQVDIHW\KD]DUGVRUGDPDJH WRJHQHUDWRUVGXH WR WKH
RXWRISKDVH UHFORVXUH 7KH SULRULW\ UHTXLUHPHQWV ZHUH KLJK
GHWHFWLRQ VHQVLWLYLW\ DQG IDVW RSHUDWLRQ 2FFDVLRQDO VSXULRXV
WULSSLQJRI/20SURWHFWLRQZDVQRWFRQVLGHUHGDQLVVXHGXHWRWKH
ORZ SHQHWUDWLRQ OHYHOV RI '* +RZHYHU WKH FRQWLQXLQJ UDSLG
JURZWKRIWKHGLVWULEXWLRQFRQQHFWHGJHQHUDWLRQDQGWKHGHFUHDVHRI
WUDQVPLVVLRQ V\VWHP LQHUWLD ZLWK FRQVHTXHQWO\ KLJKHUIUHTXHQF\
G\QDPLFV KDYH VKLIWHG WKH SHUVSHFWLYH RQ /20 SURWHFWLRQ
GUDPDWLFDOO\ 7KH VSXULRXV RSHUDWLRQ LV QR ORQJHU DFFHSWDEOH DQG
WKH DGHTXDWH OHYHOV RI /20 SURWHFWLRQ VHFXULW\ QHHG WR EH
PDLQWDLQHG WR SUHYHQW WKH GLVFRQQHFWLRQ RI ODUJH DPRXQWV RI '*
GXULQJ V\VWHP ZLGHHYHQWV $OWKRXJK WKHUH DUH RWKHU VROXWLRQV WR
DGGUHVV WKLV LVVXH HJ GLUHFW LQWHUWULSSLQJ WKH PDMRULW\ DUH WRR
FRVWO\DQGRUFRPSOH[WRLPSOHPHQWUHWURVSHFWLYHO\7KHUHIRUHWKH
ILUVW ORJLFDO VWHS LQ DGGUHVVLQJ WKLV FULWLFDO SUREOHP LV WR HQKDQFH
WKH VHFXULW\ RI WKH H[LVWLQJ /20 SURWHFWLRQ E\ UHOD[LQJ LH
LQFUHDVLQJWKHVHWWLQJV
7KHSDSHUFRQWDLQV WKUHHPDLQSDUWV ,Q WKH ILUVWSDUW WKHQHHG
IRUFKDQJHLVSUHVHQWHGZLWKDIRFXVRQRSHUDWLRQDOH[SHULHQFHDQG
WKHRUHWLFDODQDO\VLV7KH/20SURWHFWLRQVHFXULW\ LVDGGUHVVHGE\
DQDO\VLQJ WKH UDWH RI FKDQJH RI IUHTXHQF\ 52&2) DQG YROWDJH
YHFWRU VKLIW 96 SURWHFWLRQ SHUIRUPDQFH XQGHU WKH ZRUVWFDVH
VFHQDULR IUHTXHQF\ WUDQVLHQWV GHULYHG XVLQJ G\QDPLF VLPXODWLRQV
0RUHRYHU D QXPEHU RI IDXOWV UHFRUGV FDSWXUHG GXULQJ DFWXDO
QHWZRUN LQFLGHQWV DUH XVHG WR SURYLGH DQ DGGLWLRQDO UHDOLVWLF
LQVLJKW LQWR WKH /20 SURWHFWLRQ SHUIRUPDQFH LQ WKH YLFLQLW\ RI D
IDXOW7KHVWDELOLW\SHUIRUPDQFHUHVXOWVSUHVHQWHGLQWKHVWXG\KDYH
EHHQ REWDLQHG XQGHU D YDULHW\ RI VHWWLQJ DOWHUQDWLYHV WR LGHQWLI\
YLDEOHRSWLRQVIRUWKH/20VHWWLQJVUHYLVLRQ











7KH IDFLOLWDWLRQ RI UHQHZDEOHV >@ VWXG\ SXEOLVKHG LQ  E\
(LU*ULG DQG 621, VKRZHG WKDW GXULQJ WLPHV RI KLJK ZLQG
JHQHUDWLRQ IROORZLQJ WKH ORVV RI WKH VLQJOH ODUJHVW FUHGLEOH
FRQWLQJHQF\WKH52&2)YDOXHVRI!(팀H]VFRXOGEHH[SHULHQFHG
RQWKHLVODQGRI,UHODQGSRZHUV\VWHP,QVXFKDVFHQDULRWKH/20
SURWHFWLRQ FXUUHQWO\ HPSOR\HG E\ WKH '* FRQQHFWHG WR WKH 1,(
1HWZRUNV
 GLVWULEXWLRQ V\VWHP ZLOO RSHUDWH GLVFRQQHFWLQJ D ODUJH
TXDQWXP RI JHQHUDWLRQ IURP WKH V\VWHP ,Q DQ DOUHDG\ WXUEXOHQW
VFHQDULRWKLVZRXOGIXUWKHUH[DFHUEDWHV\VWHPLQVWDELOLW\
0RUHRYHURSHUDWLRQDOH[SHULHQFHKDVFDXVHG1,(1HWZRUNVWR
FRQVLGHU WKH VWDELOLW\ RI /20 SURWHFWLRQ VSHFLILFDOO\ 96 2Q 
0DUFK1RUWKHUQ,UHODQGZDVH[SRVHGWRDVHYHUHVQRZVWRUP
ZKLFKUHVXOWHGLQDVLJQLILFDQWQXPEHURIIDXOWVRQWKHGLVWULEXWLRQ
DQG WUDQVPLVVLRQ V\VWHP 'XULQJ WKUHH (팀mLQ EORFNV  ZLQG
IDUPVGLVFRQQHFWHGIURPWKHHOHFWULFLW\V\VWHPGXHWRWKHDFWLYDWLRQ
RI WKHLU /20 SURWHFWLRQ WRWDOOLQJ ∼(팀M: RI ORVW JHQHUDWLRQ
IURP WKH V\VWHP RYHU D (팀h SHULRG DQG D WRWDO RI (팀M: LQ D
VLQJOH(팀mLQSHULRG
7KH SRVW IDXOW DQDO\VLV FRQFOXGHG WKDW WKH ZLQG IDUPV ZKLFK
GLVFRQQHFWHG IURP WKH V\VWHP ZHUH RQO\ WKRVH ZLWK WKH 96
HOHPHQWRI WKHLU/20SURWHFWLRQDFWLYDWHGZKLOVW WKHZLQGIDUPV
ZLWK52&2)SURWHFWLRQHPSOR\HGUHPDLQHGVWDEOH
&RQVHTXHQWO\ 1,( 1HWZRUNV GHFLGHG WR FRPPLVVLRQ
6WUDWKFO\GH 8QLYHUVLW\ WR GHWHUPLQH DSSURSULDWH /20 VHWWLQJV WR
HQVXUH V\VWHP LQWHJULW\ GXULQJ PDMRU V\VWHP HYHQWV 6XLWDEOH
VWDELOLW\HQVXULQJVHWWLQJYDOXHVKDGWREHHVWDEOLVKHGIRU52&2)
DQG96SURWHFWLRQDVZHOODVIUHTXHQF\DQGYROWDJHSURWHFWLRQ
7R DFKLHYH WKLV D GHWDLOHG DQDO\VLV RI WKH VHOHFWHG ZRUVWFDVH
VFHQDULR V\VWHPZLGH IUHTXHQF\ SURILOHV KDV EHHQ XQGHUWDNHQ
7KRVH SURILOHV KDG EHHQ REWDLQHG IURP G\QDPLF VLPXODWLRQV DQG
FRUUHVSRQG WR YDULRXV FULWLFDO WUDQVPLVVLRQ V\VWHP LQFLGHQWV LQ
,UHODQG DV VXPPDULVHG LQ 7DEOH  7KHVH FULWLFDO SURILOHV ZHUH
SURYLGHG E\ 621, LQ GLJLWDO IRUP DV WKUHHSKDVH YROWDJH
ZDYHIRUPV VDPSOHG DW (팀k+] VXLWDEOH DV DQ LQSXW WR D G\QDPLF
UHOD\PRGHORUKDUGZDUHLQMHFWLRQLQWRDSK\VLFDOGHYLFH
0RUHRYHUD IHZIDXOW UHFRUGV FDSWXUHGGXULQJDFWXDOQHWZRUN
LQFLGHQWV ZHUH DYDLODEOH ZKLFK JDYH DQ DGGLWLRQDO UHDO HYHQW
EDVHGLQVLJKWLQWRWKH/20SURWHFWLRQSHUIRUPDQFHLQWKHYLFLQLW\







,Q WKH ILUVW VWHS HDFK VLPXODWHG UHFRUG HYHQWV  WR  ZDV
UHSHDWHGO\ SURFHVVHG E\ WKH YDOLGDWHG G\QDPLF 52&2) UHOD\
PRGHO >@DWGLIIHUHQW WLPHGHOD\VHWWLQJV$WHDFK WLPHGHOD\ WKH
52&2)VHWWLQJRIWKHUHOD\ZDVJUDGXDOO\LQFUHDVHGIURPDVPDOO
YDOXHWRDSRLQWZKHUHWKHUHOD\QRORQJHURSHUDWHG7KLVZD\WKH
PLQLPXP VWDELOLW\ VHWWLQJV ZHUH HVWDEOLVKHG H[SHULPHQWDOO\ 7R






RQO\ LQFOXGH WKH KLJKHVW 52&2) YDOXHV DFURVV DOO HYHQWV
SUHVHQWHG DV D VLQJOH FKDUDFWHULVWLF VHSDUDWHO\ IRU µUHOD\ PRGHO¶
DQG µKDUGZDUH UHOD\¶ $Q\ 52&2) VHWWLQJ DERYH WKHVH FXUYHV
JXDUDQWHHV VWDELOLW\ XQGHU DOO DQDO\VHG HYHQWV ZKLOH DQ\ VHWWLQJ
EHORZ WKH FXUYHV PD\ UHVXOW LQ VSXULRXV WULSSLQJ RI 52&2)
SURWHFWLRQ $GGLWLRQDOO\ WKH ILJXUHV LQFOXGH D GHSLFWLRQ RI WKH
H[LVWLQJ UHFRPPHQGHG VHWWLQJ RI (팀H]V ZLWK QR DGGLWLRQDO
GHOD\DQGIRXUSURSRVHGDOWHUQDWLYHVHWWLQJUHFRPPHQGDWLRQVDOO
RI ZKLFK ZRXOG HQVXUH VWDELOLW\ XQGHU WKH JLYHQ FULWLFDO HYHQW
VFHQDULRV 7KHVH IRXU DOWHUQDWLYH VHWWLQJV DUH VXJJHVWHG IRU WKH
VXEVHTXHQWULVNDVVHVVPHQW
,WFDQEHFOHDUO\VHHQWKDWWKHH[LVWLQJVHWWLQJLQGLFDWHGDVDUHG
WULDQJOH LQ )LJ  FDQQRW JXDUDQWHH WKH VWDELOLW\ RI 52&2)
SURWHFWLRQ XQGHU WKH DQWLFLSDWHG V\VWHP G\QDPLFV $GGLWLRQDOO\




RI WKH 96 SURWHFWLRQ XVLQJ D VLPLODU PHWKRGRORJ\ 7KH PLQLPXP
DQJOH VHWWLQJ YDOXHV WR HQVXUH 96 UHOD\ VWDELOLW\ DUH SUHVHQWHG LQ
)LJIRUVLPXODWHGUHFRUGV±DQGLQ)LJIRUIDXOWUHFRUGHU
EDVHGHYHQWV±
,W VKRXOG EH QRWHG WKDW WKH PDUJLQDO VHWWLQJV IRU 96 VWDELOLW\
REWDLQHG IURP WKH VLPXODWHG HYHQWV ± DUH JHQHUDOO\ YHU\ ORZ
DQG WKHUHIRUHGRQRWVHHPWRSRVHDQ\VWDELOLW\ LVVXHV8QGHU WKH





7R IXUWKHU LQYHVWLJDWH WKH DSSDUHQW JRRG VWDELOLW\ RI 96
SURWHFWLRQ WKH DYDLODEOH IDXOW UHFRUGV HYHQWV ± ZHUH XVHG
'XHWRWKHSDVWH[SHULHQFHRIVSXULRXVWULSSLQJRIDQXPEHURI96
UHOD\VGXULQJVWRUPFRQGLWLRQVLQ,UHODQGLWZDVLPSRUWDQWWRYHULI\
ZKHWKHU VXFK VSXULRXV WULSSLQJ FRXOG KDYH EHHQ LQLWLDWHG E\
WUDQVPLVVLRQ V\VWHP IDXOWV 7KH PLQLPXP 96 VWDELOLW\ VHWWLQJV
EDVHG RQ WKH ILYH DYDLODEOH UHFRUGV DUH SUHVHQWHG LQ )LJ  ERWK
REWDLQHGIURPWKHUHOD\PRGHODQGIURPKDUGZDUHLQMHFWLRQ7KHVH
UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW WKH 96 WULSSLQJ DW WKH FXUUHQW
UHFRPPHQGHG VHWWLQJ RI  LV YHU\ PXFK SRVVLEOH GXULQJ
WUDQVPLVVLRQV\VWHPIDXOWV2QVRPHRFFDVLRQVUHOD\RSHUDWLRQFDQ
EHH[SHFWHGZLWKVHWWLQJVXSWR+RZHYHULWLVXQGHUVWRRGWKDW
96 UHOD\ VSXULRXV WULSSLQJ XQGHU WUDQVPLVVLRQ V\VWHP IDXOWV GRHV
QRW KDYH WKH VDPH V\VWHPZLGH HIIHFW DV IUHTXHQF\ VZLQJV FDQ
KDYHRQ52&2)SURWHFWLRQ DQG WKHUHIRUH DUH OHVV WKUHDWHQLQJ WR
WUDQVPLVVLRQ V\VWHP LQWHJULW\ 1HYHUWKHOHVV LW LV FRQVLGHUHG
LPSRUWDQWWRH[SORUHWKHULVNRIDSRVVLEOHLQFUHDVHLQ96VHWWLQJWR







































 YROWDJHGLSWKUHHSKDVH  2FWREHU





 XQFODVVLILHG  -DQXDU\















ODUJHVFDOH JHQHUDWLRQ /6* LH ZLWK LQVWDOOHG FDSDFLWLHV !(?
0: 7KH NH\ DVVXPSWLRQV RI WKLV VWXG\ FDQ EH VXPPDULVHG DV
IROORZV
 *HQHUDWLRQ RXWSXW LV UHSUHVHQWHG E\ DQ H[DPSOH PHDVXUHG
JHQHUDWLRQ SURILOH FKDUDFWHULVWLF RI D SDUWLFXODU JHQHUDWLRQ
WHFKQRORJ\
 7ZRIXQGDPHQWDO LVODQGLQJVFHQDULRVKDYHEHHQFRQVLGHUHG6
±'* LVODQGLQJ WKURXJK ORVV RI VXSSO\ WR D SULPDU\ VXEVWDWLRQ
DQG6 ±'* LVODQGLQJGXH WR WKH ORVVRI LQGLYLGXDO(팀k9 RU
(팀k9IHHGHU
 %DVHG RQ WKH 1,( 1HWZRUNV
 '* SURWHFWLRQ VHWWLQJ UHFRUGV LW
ZDV DVVXPHG WKDW WKH XVDJH RI 52&2) SURWHFWLRQ LH WKH
SHUFHQWDJHRIJHQHUDWRUVKDYLQJ52&2) UHOD\ LQVWDOOHG LV
 DQG  IRU WKH V\QFKURQRXV PDFKLQH 60 LQYHUWHU
FRQQHFWHG ,& DQG LQGXFWLRQ PDFKLQH ,0EDVHG JHQHUDWLRQ
UHVSHFWLYHO\5HJDUGLQJ96SURWHFWLRQWKHDVVXPHGSHUFHQWDJHV
ZHUHDVIROORZV60,&DQG,0
 'HWDLOHG GLVWULEXWLRQ RI '* VL]HV LQ HDFK VFHQDULR 6 DQG 6
QXPEHUV SUHGRPLQDQW JURXSLQJV DV ZHOO DV SHUFHQWDJH




QRW FRQWLQXH WR VXSSO\ WKH V\VWHP DIWHU DQ RXWRISKDVH DXWR
UHFORVLQJRSHUDWLRQ
 $ SHULRG RI TARmax = 30 s ZDV DVVXPHG DV WKH PD[LPXP
H[SHFWHG WLPH RI RSHUDWLRQ RI WKH DXWRUHFORVLQJ VFKHPH LH
UHJDUGOHVV RI ORDGJHQHUDWLRQ EDODQFH XQGHWHFWHG VWDEOH LVODQG
ZLOO QRW FRQWLQXH WR RSHUDWH ORQJHU WKDQ TARmax GXH WR WKH
LPSDFWRIRXWRISKDVHUHFORVXUH
 7KH /20 HYHQW LV VLPXODWHG DV D VLPSOH RSHQLQJ RI D FLUFXLW
EUHDNHUDWWKHSRLQWRIFRPPRQFRXSOLQJDQGQRLQLWLDWLQJIDXOW
LV VLPXODWHG SULRU WR LVODQGLQJ ZRUVWFDVH VFHQDULR IURP WKH
/20GHWHFWLRQSHUVSHFWLYH
9DULRXV HOHPHQWV RI WKH SUREDELOLW\ WUHH LQ )LJ  KDYH EHHQ
FDOFXODWHGDVIROORZV
7KH DYHUDJH DQQXDO QXPEHU RI ORVV RI JULG LQFLGHQWV DW DQ






ZKHUH nLOG LV WKH WRWDO QXPEHU RI ORVV RI VXSSO\ LQFLGHQWV
H[SHULHQFHG GXULQJ WKH SHULRG RI TLOG LQ D SRSXODWLRQ RI nIP
LVODQGLQJSRLQWV
7KH SUREDELOLW\ P23 = P2 ∧ P3 WKDW WKH RXWSXW RI DQ LQGLYLGXDO
'*JURXSLVEDODQFHGZLWKORFDOORDGERWK3	4ZLWKLQWKH/20
SURWHFWLRQ QRQGHWHFWLRQ ]RQH 1'= IRU D SHULRG ORQJHU WKDQ
TNDZmax LV FDOFXODWHG E\ DFFXPXODWLQJ WKH SHULRGV RI WLPH
Δt1,…,ΔtnZKHQWKHGLIIHUHQFHEHWZHHQWKHGDLO\QHWZRUNGHPDQG
SURILOHDQG WKH'*RXWSXW UHPDLQVZLWKLQ WKHPDUJLQRI WKH1'=
)LJ
)LJ ௒ 96 PLQLPXP VHWWLQJV WR HQVXUH /20 SURWHFWLRQ VWDELOLW\ XQGHU
VLPXODWHGV\VWHPHYHQWV±














7HQH[DPSOH UHFRUGHG ORDGSURILOHVKDYHEHHQXVHGDVZHOO DV
H[DPSOH UHFRUGHGJHQHUDWLRQSURILOHV UHSUHVHQWLQJZLQGELRPDVV









UHVSRQVH ZLWK SUHGHWHUPLQHG VHWWLQJ HLJKW /20 VHWWLQJ RSWLRQV
ZHUHFRQVLGHUHGDVVKRZQLQ7DEOH
)RU HDFK JHQHUDWLRQ PL[ WKH H[SHFWHG WRWDO DQQXDO QXPEHU RI
XQGHWHFWHG ORVVRIJULG LQFLGHQWV LVFDOFXODWHGXVLQJ WKHIROORZLQJ
IRUPXOD
NLOM = NLOG, 1IP ⋅ P23 ⋅ nDGG ⋅ pLOM ⋅ LF . 
)LQDOO\ WKH IDWDO SHUVRQDO LQMXU\ ULVN IRE DQG WKH ULVN RI RXWRI
SKDVHUHFORVXUHNOADUHFDOFXODWHGXVLQJWKHIROORZLQJIRUPXODV
IRE = NLOM ⋅ PPER,E, 
NOA = NLOM ⋅ PAR, 
ZKHUHPPER,ELVWKHSUREDELOLW\RIDSHUVRQEHLQJLQFORVHSUR[LPLW\
WR DQXQGHWHFWHG LVODQGHGSDUW RI WKH V\VWHPDQG VXIIHULQJD IDWDO
LQMXU\ DW WKH VDPH WLPH DQG PAR LV WKH SUREDELOLW\ RI DQ RXWRI
SKDVHDXWRUHFORVLQJDFWLRQIROORZLQJWKHGLVFRQQHFWLRQRIDFLUFXLW
RU D VXEVWDWLRQ$YDOXHRIPAR = 0.8ZDV DVVXPHGZKLOHPPER,E
ZDVFDOFXODWHGDVVXPLQJH[SRQHQWLDOULVNGLVWULEXWLRQIROORZLQJDQ
XQGHWHFWHGLVODQGLQJHYHQWRITLOMavrGXUDWLRQ
PPER,E = 0.05 ⋅ (1 − e
−3.3501 × 10
−4
⋅ TLOMavr) . 
7KHYDOXHVRI WKHFRQVWDQWV LQIRUPXODZHUHHVWDEOLVKHGEDVHG
RQWKHH[LVWLQJLQFLGHQWVWDWLVWLFV
7KH UHVXOWLQJ ULVN FDQ EH WKHQ FRPSDUHG ZLWK WKH JHQHUDO
FULWHULD IRU ULVN WROHUDELOLW\ LQFOXGHG LQ WKH +HDOWK DQG 6DIHW\ DW
:RUN $FW  >@ ZKLFK DGRSWV WKH ULVN PDQDJHPHQW SULQFLSOH
RIWHQUHIHUUHGWRDVWKHµDVORZDVUHDVRQDEO\SUDFWLFDEOH$/$53¶
SULQFLSOH 7KH $/$53 UHJLRQ DSSOLHV IRU LQGLYLGXDO ULVN OHYHOV
EHWZHHQ 10−6 DQG 10−4 5LVNV ZLWK SUREDELOLWLHV EHORZ 10−6 FDQ
JHQHUDOO\EHGHHPHGDVWROHUDEOH
7KHILQDOVXPPDU\UHVXOWV IRU WKHH[LVWLQJDQGSRWHQWLDO IXWXUH
/20RSWLRQVDUH LQFOXGHG LQ7DEOH ,WFDQEHVHHQ WKDW WKH ULVN
YDOXHV IDOO ZLWKLQ WKH $/$53 UHJLRQ ZKLFK FDOOV IRU DGGLWLRQDO




6LQFH WKH LQGLYLGXDO ULVN RI HOHFWURFXWLRQ UHVLGHV ZLWKLQ WKH
$/$53 UHJLRQ 1,( 1HWZRUNV UHTXHVWHG WKDW ULVN PLWLJDWLRQ




,W ZDV LGHQWLILHG WKDW WKH SUHVHQFH RI 19' SURWHFWLRQ ZRXOG
RIIHUDULVNRIHOHFWURFXWLRQUHGXFWLRQRI∼IRU/6*DQG∼
IRU 66* 0RUHRYHU LW ZDV LGHQWLILHG WKDW UHGXFLQJ WKH 19'
RSHUDWLQJ IURP  WR (팀s ZRXOG SUHVHQW D IXUWKHU  ULVN
UHGXFWLRQIRU66*
:LWKWKHLQFOXVLRQRI19'SURWHFWLRQWKHSURSRVHGVHWWLQJVIRU
/6* UHVLGHRQ WKH$/$53ERXQGDU\ LH1.36 × 10−6*LYLQJ WKH
VLJQLILFDQW V\VWHP EHQHILW LQ DPHQGLQJ /20 VHWWLQJV 1,(
1HWZRUNV GHWHUPLQHG LW DSSURSULDWH WR SURFHHG IURP D ULVN
SHUVSHFWLYHZLWKVHWWLQJDPHQGPHQWVWR/6*
7KH ULVN RI HOHFWURFXWLRQ DVVRFLDWHG ZLWK 66* LV VLJQLILFDQWO\
KLJKHUWKDQ/6*DQGWKHUHIRUHDWWKHWLPHRIZULWLQJWKLVSDSHUQR
GHFLVLRQ KDG EHHQ PDGH UHJDUGLQJ WKH DPHQGPHQW RI 66* /20
VHWWLQJV
)XWXUHSURRILQJ
%\ LQFOXGLQJ ERWK FRQQHFWHG DQG FRPPLWWHG WR FRQQHFWLQJ
JHQHUDWLRQ ZLWKLQ WKH JHQHUDWLRQ GDWDEDVH DQ HOHPHQW RI IXWXUH
SURRILQJ ZDV LQFOXGHG LQ WKH ULVN DQDO\VLV +RZHYHU LW ZDV
LGHQWLILHG WKDW LQ VRPH DUHDV RI WKH QHWZRUN ZKHUH GHPDQG DQG
JHQHUDWLRQ EDODQFLQJ LV QRW SUHYDOHQW WKH IXWXUH ULVN RI LVODQGLQJ
PD\ LQFUHDVH 7R VDIHJXDUG DJDLQVW WKLV 1,( 1HWZRUNV ZLOO
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DW WKDW WLPH ,Q WKH LQWHULP 1,( 1HWZRUNV ZLOO LQYHVWLJDWH
PHDVXUHV WR UHGXFH WKH ULVN RI HOHFWURFXWLRQ DQG RXWRISKDVH
UHFORVXUH ZLWK D SDUWLFXODU IRFXV RQ 66* ZKRVH ULVNV DUH
VLJQLILFDQWO\KLJKHUWKDQ/6*
&RVWEHQHILWDQDO\VLV
%HIRUH D GHFLVLRQ FRXOG EH PDGH UHJDUGLQJ WKH DPHQGPHQW RI
/20 VHWWLQJV D FRVW EHQHILW DQDO\VLV &%$ PXVW EH SHUIRUPHG
VKRZLQJDQHWEHQHILWWRWKHFXVWRPHU
1,( 1HWZRUNV DQWLFLSDWH WKDW XSRQ UHTXHVW DOO UHTXLUHG
JHQHUDWRUV ZLOO KDYH WKH FDSDELOLW\ WR FKDQJH WKH VHWWLQJV LQ WKHLU
H[LVWLQJ* UHOD\V WR WKRVHSURSRVHGZLWKLQ WKLVGRFXPHQW7KLV
VFHQDULR ZDV WKHUHIRUH UHIHUUHG WR DV WKH H[SHFWHG VFHQDULR
+RZHYHU LW LV SRVVLEOH WKDW VRPH UHOD\V PD\ QRW EH DEOH WR EH
DPHQGHGWRWKHUHFRPPHQGHGVHWWLQJVDQGWKHUHIRUHUHTXLUHDQHZ
UHOD\ WR EH ILWWHG WR UHIOHFW WKLV VFHQDULR D ZRUVWFDVH VFHQDULR
FRQWLQJHQF\ KDV EHHQ LQFOXGHG ZKLFK DVVXPHV WKDW  RI /6*
DQG66*UHTXLUHDQHZ/20SURWHFWLRQUHOD\WREHILWWHG%DVHGRQ
HQJDJHPHQW ZLWK LQGXVWU\ 1,( 1HWZRUNV KDV HVWLPDWHG WKH
H[SHFWHG VFHQDULR FRVWV DQG ZRUVWFDVH VFHQDULR FRVWV WR EH ∼
¼(팀mDQG¼(팀mUHVSHFWLYHO\
7KH PDLQ EHQHILW RI DPHQGLQJ /20 VHWWLQJV ZLOO EH UHGXFHG




LQ ZLQG FXUWDLOPHQW OHYHOV PD\ EH UHDOLVHG LQ  ZKLOVW DQ
DGGLWLRQDO  WRZDUGV WKH UHQHZDEOH HQHUJ\ VRXUFHG HOHFWULFLW\
5(6(WDUJHWRIE\PD\EHDFKLHYHG>@
2WKHU QRQTXDQWLILDEOH EHQHILWV ZLOO EH UHDOLVHG WKURXJK WKH
LPSOHPHQWDWLRQRIWKHQHZ/20VHWWLQJV1,(1HWZRUNVLVDZDUH
WKDW XQGHU UHPRWH IDXOW VFHQDULRV WKH /20 SURWHFWLRQ RI VRPH
JHQHUDWRUV PD\ RSHUDWH UHVXOWLQJ LQ WKH GLVFRQQHFWLRQ RI WKH
JHQHUDWRUIURPWKHHOHFWULFLW\QHWZRUN7KLVSKHQRPHQRQKDVEHHQ
UHIHUUHGWRDVQXLVDQFHWULSSLQJE\LQGXVWU\DQGUHVXOWVLQDORVVRI
UHYHQXH WR WKH JHQHUDWRU RZQHU $ EHQHILW RI LPSOHPHQWLQJ WKH
SURSRVHG /20 SURWHFWLRQ DPHQGPHQWV ZLOO EH WKDW /20
SURWHFWLRQZLOOEHOHVVVXVFHSWLEOHWRQXLVDQFHWULSSLQJUHVXOWLQJLQ
OHVVLQWHUUXSWLRQWRJHQHUDWRUVXSSOLHV
,W FDQ WKHUHIRUH EH VHHQ WKDW WKH FXPXODWLYH EHQHILWV RI
DPHQGLQJ JHQHUDWRU /20 SURWHFWLRQ VLJQLILFDQWO\ RXWZHLJK WKH
FRVWRILPSOHPHQWDWLRQHYHQLQWKHZRUVWFDVHVFHQDULR
௑&RQFOXVLRQV




VWDELOLW\ ZDV ILUVW FRQVLGHUHG SURYLGLQJ VWURQJ PRWLYDWLRQ IRU
FKDQJH IROORZHG E\ WKH SURWHFWLRQ VHQVLWLYLW\ DQDO\VLV DQG
DVVHVVPHQWRIWKHUHVXOWLQJULVNV7KHLQFUHDVHLQERWKSHUVRQDODQG
RXWRISKDVH UHFORVXUH ULVNV KDV EHHQ UHDOLVWLFDOO\ TXDQWLILHG DQG
FRPSDUHGDJDLQVWWKHKHDOWKDQGVDIHW\UHTXLUHPHQWV
$V WKH ULVN UHVXOWV IHOO ZLWKLQ WKH $/$53 VDIHW\ PDUJLQV
DGGLWLRQDO ULVN PLWLJDWLQJ PHDVXUHV ZHUH VRXJKW LQFOXGLQJ WKH
DSSOLFDWLRQRI19'SURWHFWLRQDVZHOODVWKH19'RSHUDWLRQWLPH
UHGXFWLRQ
)XUWKHUPRUH D &%$ SHUIRUPHG E\ 1,( 1HWZRUNV KDV
GHPRQVWUDWHG D FOHDU ILQDQFLDO EHQHILW RI WKH /20 SURWHFWLRQ
VHWWLQJVDGMXVWPHQW
7KH UHVXOWV DQG REVHUYDWLRQV LQFOXGHG LQ WKH VWXG\ DLP WR
SURYLGH WKH PHDQV DQG VXSSRUWLQJ HYLGHQFH IRU DFKLHYLQJ EHVW
FRPSURPLVHVHWWLQJVLQWKHUHYLVLRQRI/20SURWHFWLRQ
$OWKRXJK IXWXUHSURRILQJRI WKH ULVN DVVHVVPHQWRXWFRPHVKDV
EHHQ FRQVLGHUHG LW QHHGV WR EH QRWHG WKDW LQ WKH G\QDPLFDOO\
FKDQJLQJ V\VWHP LQFOXGLQJ WKH RQJRLQJ UHYLVLRQ RI RWKHU '*
UHODWHGUHFRPPHQGDWLRQWKHULVNDQDO\VLVPD\QHHGWREHUHYLVLWHG
DWVRPHSRLQWWRUHIOHFWWKRVHFKDQJHV
1HYHUWKHOHVV WKHDXWKRUVEHOLHYH WKDW WKHSUHVHQWHGV\VWHPDWLF
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